Applying the perturbative QCD ( PQCD ), we study the process B c → D * s γ in the technicolor with a massless scalar doublet model ( TCMLSM ) recently presented by C. D. Carone and H. Georgi; and compare the results with that estimated in the standard model ( SM ). There are two mechanisms which contribute to the B c → D * s γ process. One proceeds through the short distance b → sγ transition, the other through weak annihilation accompanied by a photon emission. In the SM, these two processes are found to contribute with the same order of magnitude. In the TCMLSM, the modification of B c → D * s γ from π p ( the physical pions in this model ) is small for the allowed mass of π p .
I. Introduction
The inclusive rare decay B → X s γ has been studied several years before [1] . Recently the physics of B c meson has caught intensive attentions [2] . The B c meson is believed to be the next and the final family of B mesons. It provides unique opportunity to examine various heavy quark fragmentation models, heavy quark spin-flavor symmetry, different quarkonium bound state models and properties of inclusive decay channels. Being made of two heavy quarks of different flavors, B c radiative weak decay also offer a rich source to measure elements of Cabibbo-Kobayashi-Maskawa ( CKM ) matrix of the standard model ( SM ).
Different from the general rare B decays B → X s γ which is mainly induced by the flavor-changing b → sγ neutral currents [3] , in B c → D have been studied extensively. The phenomenological studies have shown that the TC models with scalars do not generate unacceptably large FCNCs and are consistent with the experimental constraints on oblique electroweak radiative corrections. Among these models, the TC with a massless scalar doublet model ( TCMLSM ) [10] , presented by C. D. Carone and H. Georgi is the simplest nontrivial extension of the SM with only two new free parameters ( h + , h − or h, λ ). The phenomenology of the TCMLSM has been discussed in the literatures [11] . In this paper we express these two new free parameters as m πp and f f ′ differently from Ref. [10] . The relation of them can be found in Ref. [10] , where m πp is the mass of π p ( the physical pions in this model ), f and f ′ are the technipion decay constant and scalar vacuum expectation value ( VEV ), respectively. The couplings of charged π p with ordinary fermions are given as
[π
where u=( u, c, t ), d=( d, s, b ), V u i d j is the element of CKM matrix, and v ∼ 250 GeV is the electroweak scale.
In this paper, applying the above PQCD method, we address B c → D * s γ in the TCMLSM to examine the virtual effects of π p in the TCMLSM and compare the results with which estimated in the SM. This paper is organized as follows: In Sec.II, we display our calculations in the SM and TCMLSM. We present the final numerical results in Sec.III. Sec.IV contains the discussion.
II. Calculation
Using the factorization scheme [8] within PQCD, the momentum of quarks are taken as some fractions x of the total momentum of the meson weighted by a soft physics distribution functions Φ H (x). The meson wave functions of B c and D * s take the simple form of δ function ( the so-called peaking approximation ) [12, 13] :
The normalization [13] is 
The spinor part of B c and D * s [14] are 
II ( i ). Electromagnetic penguin contribution
The relevant Feynman diagrams which contribute to the short distance electromagnetic penguin process b → sγ are illustrated as the blob of Fig.1 .
In the evaluation, we at first integrate out the top quark and the weak W bosons at µ = m W scale, generating an effective five-quark theory. By using the renormalization group equation, we run the effective field theory down to b-quark scale to give the leading log QCD corrections.
After applying the full QCD equations of motion [15] , a complete set of dimension-6 operators relevant for b → sγ decay can be chosen as O 1 -O 8 , which have been given in the Refs. [1, 9] . The effective Hamiltonian appears at the W scale is given as
The coefficients of 8 operators are:
where functions A, B, D and E are defined in the Ref.
The running of the coefficients of operators from µ = m W to µ = m b was well described in Ref. [16] . After renormalization group running we have the QCD corrected coefficients of operators at µ = m b scale.
with
Now we write down the amplitude of Fig.1 as
where η is the polarization vector of photon, x 1 , y 1 are the momentum fractions shared by charms in B c and D * s respectively, and the color factor C F = 
Now the amplitude M a can be written as
with form factors
where
II ( ii ). The weak annihilation contribution
As mentioned in Sec.I, B c meson is also the unique probe of the weak annihilation mechanism. The leading log QCD-corrected effective weak Hamiltonian of W annihilation is
with 
and a 2 = 1 2
(c − − c + ) is a calculable coefficient in the nonleptonic B decays.
Using the Feynman rules given in eq. ( 1 ) and eq. ( 2 ), the leading log QCD-corrected effective weak Hamiltonian of π ± p annihilation is given as
Using the same method as the above, we can write down the amplitude of π ± p annihilation diagrams ( see Fig.2 ) as
The total annihilation amplitude ( Fig.2 ) is the form of
Finally, we estimate another possible long-distance effect, namely the vector -mesondominance ( VMD ) contribution which was advocated by Golowich and Pakvasa [18] .
VMD implies that a possible contribution to
As discussed in Refs. [19, 20] , using factorization approach, the VMD amplitude ( Fig.3 ) is
with f
where a 1 = 
III. Numerical results
We will use the following values for various quantities to carry on our calculations.
( i ). Decay constants for mesons. Here we use [21] , f Bc = 500MeV [22] , f J/ψ = 395MeV [20] , f ψ ′ = 293MeV [20] .
( ii ). Meson mass and the constituent quark mass [23, 24] m 
. We present the form factors
) in the SM and TCMLSM in Table 1 , so do the decay widths in Table 2 using the amplitude formula
The calculated results indicate that the VMD effects are large near the pole and which
can not be neglected. The calculated results are
The lifetime of B c is given in Ref. [27] . In this paper we use
to estimate the branching ratio BR ( B c → D * s γ ) which is a function of τ Bc . The results are given in Table 3 .
IV. Discussion
Applying PQCD, we have studied two mechanisms which contribute to the process B c → D * s γ. For the short-distance one ( Fig.1 ) induced by electromagnetic penguin diagrams, the momentum square of the hard scattering exchanged by gluon is about
3.6GeV
2 which is large enough for PQCD analyzing. The hard scattering process can not be included conveniently in the soft hadronic process described by the wave-function of the final bound state, which is one important reason that we can not apply the commonly used models with spectator [28] to the two body B c decays. There is no phase-space for the propagators appearing in Fig.1 to go on-shell, consequently, unlike the situation in the Ref. [6] , the imaginary part of M a is absent. Another competitive mechanism is the weak annihilation. In the SM, we find this mechanism is as important as the former one ( they can contribute with the same order of magnitude ). This situation is distinct from that of the radiative weak B ± decays which is overwhelmingly dominated by electromagnetic penguin. This is due to two reasons: one is that the compact size of B c meson enhances the importance of annihilation decays; the other comes from the Cabibbo allowance: in B c → D * s γ, the CKM amplitude of weak annihilation is |V cb V * cs |, but in B ± → K ± γ, the CKM part is |V ub V * us | which is much smaller than |V cb V * cs |. Particularly, the VMD contribution is found not small. This situation is quite different from the cases B → J/ψK(K * ) and B → J/ψρ [19, 20] . The reason comes from that although the coupling of J/ψ(ψ ′ ) − γ is small ( e/g γJ/ψ(ψ ′ ) ≈ 0.025(0.016) ), the J/ψ(ψ ′ ) resonance effect can be very large.
In addition, we find that the modification of B c → D * s γ from π p in the TCMLSM is small for the allowed range of mass of π p ( with f f ′ fixed ). This situation is quite different from that of Ref. [9] , in which the size of contribution to the rare decay of b → sγ from the PGBs strongly depends on the values of the masses of the charged PGBs. The difference is mainly due to the small value of 6.12 × 10 
